ABSTRACT. Pasteurella multocida causes various respiratory disease symptoms in pigs, including atrophic rhinitis and pneumonia. In the present study, 69 strains of P. multocida were isolated from 443 pigs with respiratory clinical symptoms at 182 farms located throughout South Korea from 2009 to 2010. A multiplex capsular PCR typing assay revealed that 69 strains of P. multocida isolated in this study had the biosynthetic locus of the capsules of either serogroup A (47 strains, 68.1%) or serogroup D (22 strains, 31.9%). The 22 strains positive for serogroup D-specific primers were divided into four clusters and the 47 strains positive for serogroup A-specific primers were divided into 12 clusters according to the results of Random Amplified Polymorphic DNA (RAPD) analysis. P. multocida strains in the present study were susceptible to most of the antimicrobial agents used. An analysis of antimicrobial resistance and virulence gene pattern combined with RAPD indicated that a certain P. multocida strain appeared to be genetically identical, implying the persistence of the strain within a single farm.
Pasteurella multocida is a pathogen that induces respiratory disease with symptoms such as cough, bronchial pneumonia, and severe breathing difficulty in pigs. Chronic respiratory P. multocida infection results in a characteristic dry cough and delayed growth, whereas acute infection can bring about death in 5 to 10 days [9] . P. multocida is divided into five serogroups (A, B, D, E, and F) based on their capsular polysaccharide. Serogroups A and D lead to major pig lung disease, and if they are combined with other pathogens, such as Mycoplasma hyopneumoniae or pseudorabies virus, they can increase the severity of pneumonia lesions [2, 4, 7, 10] . P. multocida infections are transmitted by droplet or contact.
In 2003, P. multocida was isolated from lung lesions in 10.3% of pigs with pneumonia in South Korea. The strains isolated were sensitive to most antimicrobial agents, including ampicillin, ceftiofur and enrofloxacin, but had low-level resistance to neomycin [9, 11, 18] .
Other studies of P. multocida have investigated pathogenic factors such as capsular polysaccharide, virulence factors, lipopolysaccharide, and outer membrane protein [6, 14, 16] . These characteristics have also been analyzed by ribotyping, single-primer PCR, and Random Amplified Polymorphic DNA (RAPD) PCR [5, 12, 15] . The merit of the RAPD-PCR assay is that it is simple and requires less time to process than other methods of restriction endonuclease analysis [12, 15] . RAPD-PCR analysis for characterization of P. multocida has yielded reproducible and reliable results in comparison with other analytical methods such as whole cell protein, outer membrane protein, serotyping, and restriction endonuclease analyses [15] . An ornithological study showed that 66 strains of P. multocida isolated from birds could be easily and quickly categorized into 18 groups through RAPD-PCR [12] . P. multocida has been isolated from many pigs with respiratory disease, but no major studies characterizing the strains, nor any major epidemiological studies, have been undertaken for isolates from South Korea.
The purpose of this study was to investigate the distribution of serogroups and virulence genes, and determine the antimicrobial susceptibility of P. multocida isolated from pigs with respiratory disease in South Korea from 2009 to 2010. In addition, RAPD-PCR was performed to clarify and compare the genetic characteristics of P. multocida.
MATERIALS AND METHODS
Isolation and identification of P. multocida: Lung samples were collected from pigs with respiratory diseases, such as pneumonia and breathing difficulties by ChoonAng Vaccine Laboratories of the animal appraisal organization. A total of 443 pig lung samples were obtained from 182 pig farms in nine provinces (Gyeonggi, Gang-won, Chungbuk, Chungnam, Jeonbuk, Jeonnam, Gyeongbuk, Gyeongnam, and Jeju) throughout South Korea from January 2009 to November 2010. Among the farms where lung samples were collected, pigs with respiratory clinical symptoms were again detected after several months. All lung samples were collected under aseptic conditions and were inoculated on to brain heart infusion (BHI) agar (Difco, Beckton, Dickinson and Co., Sparks, MD, U.S.A.) containing 5% sheep blood and incubated for 24 hr at 37°C. The suspected colonies (mucoid, non-hemolytic colonies) were tested with MacConkey agar (Difco, Beckton, Dickinson and Co.), gram stain, and biochemistry (oxidase, indole, and urease).
Preparation of P. multocida genomic DNA: The isolated P. multocida were inoculated into BHI broth (Difco, Beckton, Dickinson and Co.) and cultured for 18 hr. P. multocida genomic DNA was extracted using the Genomic DNA Extraction Kit (INTRON, Gyeonggi, South Korea) and was stored at −20°C until use.
Detection of P. multocida by PCR: The KMT1 gene (common gene of P. multocida capsule) of P. multocida was amplified with a primer set (5′-ATCCGCTATT-TACCCAGTGG-3′ and 5′-GCTGTAAACGAACTCGC-CAC-3′) as previously described [16] . The PCR conditions consisted of 5 min at 95°C, followed by 30 cycles of 30 sec at 95°C, 30 sec at 55°C, and 30 sec at 72°C. A DNA fragment of 460 bp was expected.
Genotyping of capsular polysaccharide gene by multiplex PCR: To distinguish capsular polysaccharide, multiplex-PCR was performed as previously described [16] . The multiplex-PCR was performed by 5 min at 95°C, 30 cycles of 30 sec at 95°C, 30 sec at 55°C, and 30 sec at 72°C. The amplification fragments, anticipated to be 1,044 bp (serogroup A), 760 bp (serogroup B), 657 bp (serogroup D), 511 bp (serogroup E), and 851 bp (serogroup F) in length, were visualized on a 1% agarose gel.
Detection of virulence genes by PCR:
The detection of virulence genes (hsf-1, pfhA, hgbB, toxA, and nanB) was carried out using a PCR assay as previously described [3] . Three of the genes, pfhA, hgbB and toxA, were amplified with 35 cycles of 45 sec at 94°C, 50 sec at 54°C, and 50 sec at 72°C. The two other genes, nanB and hsf-1, were amplified with 30 cycles of 30 sec at 94°C, 30 sec at 56°C, and 30 sec at 72°C. The amplification fragments, anticipated to be 846 bp (toxA), 654 bp (hsf-1), 550 bp (nanB), 499 bp (hgbB) and 275 bp (pfhA) in length, were visualized using gel electrophoresis on a 2% agarose gel.
Antimicrobial susceptibility testing: Minimal inhibitory concentrasions (MICs) were determined using the standard broth dilution methods according to Clinical Laboratory Standards Institute (CLSI) guideline (M31-A3) for ampicillin, penicillin, ceftiofur, danofloxacin, enrofloxacin, spectinomycin, sulphadimethoxine, gentamicin, neomycin, tilmicosin, tulathromycin, florfenicol, tiamulin, chlortetracycline, and oxytetracycline. As a control strain, Escherichia coli(ATCC 25922) was used.
Random amplified polymorphic DNA (RAPD) PCR:
The primer used for RAPD-PCR was MM13 (5′-GAGGGTG-GNGGNTCT-3′), as previously described [15] . The PCR conditions consisted of 30 cycles of 30 sec at 95°C, 30 sec at 42°C, and 30 sec at 72°C. The products were subjected to electrophoresis at 100 volts in 2% agarose gel, and DNA bands in the gel were stained with ethidium bromide. DNA banding patterns were analyzed using BioNumerics software (Applied Maths) to calculate Dice coefficients of correlation and to generate a dendrogram using the unweighted pair group method of arithmetic averages (UPGMA) clustering.
RESULTS
Isolation of P. multocida: P. multocida was isolated from 64 of the 182 farms from which pig specimens were collected. The total number of positive farms from which P. multocida was isolated in each region during the study period was as follows: Gyeongbuk (n=30), Chungnam (n=10), Gyeongnam (n=8), Gyeonggi (n=6), Jeonbuk (n=5) and other regions (n=5) ( Table 1 ). Because pigs with respiratory symptoms were detected after 4 months in 4 farms (farms A and D in Gyeongbuk, farm B in Jeonnam, and farm C in Gyeongnam), the animals were sampled again to isolate P. mutocida( Table 1) .
Distribution of virulence genes: The distributions of five virulence genes (hsf-1, pfhA, hgbB, toxA, and nanB) among P. multicida strains isolated in this study are shown in Table 2 . The hsf-1, hgbB(adhesins) and nanB(sialidase) virulence genes were each present in>80% of P. multocida strains having the locus of the capsule of serogroup D and the toxA gene was found in only two of the strains. The virulence genes in P. multocida isolated from the same farm at intervals of several months are presented in Table 4 .
Antimicrobial susceptibility: Antimicrobial susceptibility testing of P. multocida showed that there was no strain resistant to the five antimicrobials tested (ceftiofur, tilmicosin, tulathromycin, chlortetracycline, and oxytetracycline), although against the other antimicrobials a low level of resistance was shown ( Table 3 Table 4 .
RAPD analysis: The DNA banding pattern for the P. mul-tocida strains amplified using the MMI3 primer is indicated in Figs. 1 and 2 . The 22 strains with the biosynthetic locus of the capsule of serogroup D strains were classified into four clusters based on 80% similarity in the RAPD banding pattern (Fig. 1) . Three of the strains, KVCC-BA1100179, KVCC-BA1100188, and KVCC-BA1100213, were isolated from farm A in Gyeongbuk province in April, August, and December, 2009, respectively. The remaining 19 strains were isolated from different farms. The 47 strains with the locus of the capsule of serogroup A strains were divided into 12 clusters (Fig. 2) . Following strains with the locus of the capsule of serogroup A isolated from the same farm 
DISCUSSION
The major serogroups of P. multocida that reproduce in the respiratory tract of pigs are A and D [14] . Of 80 strains of P. multocida isolated from slaughtered Korean pigs in 1994, 77 (96.3%) were found to be serogroup A and the other three were serogroup D [1] . Of 91 strains isolated in 2009, 69 (75.8%) were serogroup A and 22 (24.2%) were serogroup D [13] . The majority (68.1%) of the isolates from the present study carried the biosynthetic locus of the capsule of serogroup A, suggesting that serogroup A has been the most common cause of pig respiratory disease up to now. No pigs appeared to be coinfected with multiple strains with the locus of the capsule of serogroups A and D in the present study. Serious respiratory symptoms in pig may stem from the more pathogenic virulence factors (hsf-1 and nanB) and the dermonecrotic toxin of serogroup D [8, 14] . Therefore, ongoing observation of the pattern of pig respiratory disease is needed. Antimicrobials that are used domestically for disease prevention and treatment purposes in livestock are administered by addition to feedstuff, but regulation concerning this type of use of antimicrobials is becoming more complicated. Since 2005, in order to prevent the over-use and misuse of antimicrobials and to increase the safety of livestock products, there has been a step-by-step decrease in the types of antimicrobials that are added to feedstuff. According to the Animal, Plant and Fisheries Quarantine and Inspection Agency (www.qia.go.kr), there were 11 types of antimicrobials that were permitted in feedstuff in South Korea up until recently.
A study of 87 strains of P. multocida isolated from Korean pigs between 1996 and 1997 showed resistance rates to ampicillin, enrofloxacin, gentamicin and trimethoprim/ sulfamethoxazole of 3.2%, 4.6%, 16.1% and 48.3%, respectively [11] . In another study, 31 strains isolated in South Korea in 2003 also showed resistance to ampicillin, enrofloxacin, gentamicin, and trimethoprim/sulfamethoxazole, with resistance rates of 3.4%, 0%, 28.9%, and 38.7%, respectively, as well as to streptomycin, penicillin, and neomycin, indicating low susceptibility [9] . Antimicrobial susceptibility analysis in the present study yielded resistance rates in the isolated strains for both years (2009/2010), as follows: ceftiofur (0.0%/0.0%), enrofloxacin (15.8%/3.2%), gentamicin (28.9%/19.3%), and chlortetracycline (0%/0%). These results were similar to rates of antimicrobial resistance reported previously [9, 11] . Interestingly, tiamulin exhibited a higher resistance rate in the 2010 isolates than in the 2009 isolates. Of 132 P. multocida strains isolated in Germany between 2002 and 2003, only 0.2% were found to be resistant to enrofloxacin [17] , while the present study found a resistance rate of 15.8% for enrofloxacin. Another previous study reported that P. multocida showed 100% susceptibility to quinolone antimicrobials such as enrofloxacin and norfloxacin [1] ; however, data from research done after 1999 have shown resistance levels of 6-8%. The addition of quinolone antimicrobials to feedstuff has been prohibited in South Korea since 2008, due to researchers' concerns.
Another paper found resistance rates in P. multocida strains isolated from China in 2009 to be 74.2% (trimethoprim/sulfamethoxazole), 65.2% (chlortetracycline), 80.3% (clindamycin), 28.3% (tilmicosin), and 13.7% (gentamicin) [14] . These resistance rates are far higher than those seen in strains isolated in South Korea and Europe. These high resistance rates seen in China are assumed to be due to the over-use and misuse of antimicrobials in feedstuff. In South Korea, the addition of antimicrobials to feedstuff has been totally prohibited since July 2011. In light of the new regulations, continuous observation for any change in antimicrobial susceptibility in strains isolated from livestock is warranted.
RAPD analysis results for 69 strains show that they can be divided into 16 different clusters. The five strains (KVCC-BA1100175, -BA1100178, -BA1100179, -BA1100188, and -BA1100189) that carried the locus of the capsule of serogroup D had a similar rate of 100% in the RAPD dendrogram analysis. Among these, KVCC-BA1100179 (April, 2009) and KVCC-BA1100188 (August, 2009) strains were isolated from farm A in Gyeongbuk province and they appeared identical in antimicrobial resistance and virulence gene pattern. Also, KVCC-BA1100177 (April, 2009) and KVCC-BA1100190 (August, 2009), which belonged to cluster VI within the strains with the locus of the capsule of serogroup A, were collected on different dates from farm D in Gyeongbuk. The strains have identical antimicrobial resistance and virulence gene pattern, suggesting that persistence of identical strain within a single farm.
This study indicates that thorough disinfection and sterilization on pig farms will be necessary for the eradication of P. multocida in light of the prohibition of antimicrobials throughout South Korea.
